The F4 and F5 generations of the two selected crosses, n/c5 x nil1 and p3 x nil3, from a dialle of all possible crosses between the three conditioned lines p, nil and n/c were grown in successive years in the summers of 1970 and 1971 respectively in order to study (1) the persistence of the segregation between F3 individuals seen in earlier generations and (2) the conventional segregation in the later generations. In the F4 generation F5 segregation in the cross n/c3 x nil1 approaches significance for the character final height. In the F5 generation significant segregation between F1 individuals was not found for the characters final height and flowering time for either cross. However, in the cross n/c2 x nil1 significant F1 segregation was found for two other characters, height at flowering time and the diameter of the eighth leaf. The presence of segregation at the F2, F3 and F4 levels was confirmed for both characters in both crosses by the fitting of a standard additive genetical and additive environmental model. From the estimates of D obtained the numbers of effective factors by which these lines differ were found to range from three to five.
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INTRODUCTION
PREVIOUS investigation (Perkins, Eglington and Jinks, 1971 ) of all possible crosses between three differently conditioned lines derived from purebreeding variety 16 of .Nieotiana ruslica have established that F1 individuals of the same cross differ for final height and flowering time and that these differences persist into the progenies of all crosses and the F33s of some of them. Furthermore, segregation in the F2 and F3 generations of these crosses appeared to be of the conventional kind that is observed in the same generations when derived from a cross between different inbred genotypes. In both respects the behaviour of the conditioned lines of iv. rustica resembles that of similarly conditioned linçs of flax (Durrant and Tyson, 1964) . Two crosses, p3 x nil5 and nk2 x nil1, chosen because they provide the clearest evidence of differences among F1 individuals which persisted to their corresponding F2's, have been chosen to provide F4 and F5 families. These were grown in the summers of 1970 and 1971 respectively, in order to study further the persistence of the F1 segregation and the conventional segregations in the later generations.
EXPERIMENTAL MATERIALS
The F4 and F5 families were obtained by repeated selfing from the two crosses ft5 x nil3 and nk2 x nil1 (Perkins, Eglington and Jinks, 1971) . Twenty F4 families of each cross were grown in 1970, these families can be divided according to their ancestry into (I) five F1 groups, (2) two F2 387 V.R. (2) V.R. (7) x2 ( (9) x2 (10) V.R. (3) x2 (8) V.R. (5) x2 (
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> (10) x2 ( t No real test of significance is available as both Items 3 and 5 are significant. n.e. Probability is non-significant. * Probability = ** Probability = 000l-0.01; *** Probability < 0001. (9) In the cross p3x nil3 the entire data for one F2 group, comprising two F3 groups in the F4 and four F4 groups in the F5 generation, has been removed from all analyses for reasons discussed by Perkins, Eglington and Jinks (1971) .
RESULTS (B) F1 segregation
The analyses of variance are given for each cross and generation separately in table 1 for final height and in table 2 for flowering time. These analyses have the same structure as those presented on p. 450 of the previous paper (Perkins, Eglington and Jinks, 1971) but are extended to include the F4 and F5 generations.
In no case is there significant evidence of segregation between F1 groups although for both generations and characters of the nk2 x nil1 cross the relevant mean square is the largest main effect apart from that between blocks. In the F4 generation of the cross nk2 x nil1 for the character final height (table 1) there is no test for Item 1 owing to the significance of both its interaction with blocks (Item 5) and Item 3 (between F3 groups within F2 groups). However, by calculating either 4a1 or 2o and subtracting from the empirical mean square for Item 1, it is possible to obtain an estimate of the "mean square " for differences between F1 groups in order to test its significance. Either adjustment provides a derived mean square which is, however, still non-significant against the original error items.
(B) F2, F3, F4 segregation It can be seen from tables 1 and 2 that there is evidence that segregation is occurring at the F2, F3 and F4 levels for both final height and flowering time in both crosses although all the relevant mean squares (Items 2 and 3 in the F4 and 2, 3 and 4 in the F5 generations) are not necessarily significant in each case.
To investigate the nature of the variation in the F5 generation that occurred from the F2 generation onwards, the four rank variances, V2F5, V3F5, V4F5 and V5F5, which measure the mean variation ascribable to differences between 3 great grandparents, F3 grandparents, F4 parents and F5 progenies within F4 groups, respectively, have been calculated from the analysis of variance for each of the eight combinations of characters, crosses and blocks (table 3) . These have been equated to the standard biometrical genetical expectations in terms of a model with an additive (D), dominance (H) and additive environmental (E1) component of variation which assumes Mendelian autosomal inheritance, independence of the genes in action and in distribution and no genotype-environmental interactions. This model was found to be satisfactory in all cases when fitted by least squares precedures (Mather and Jinks, 1971 ) but in no case was the estimate of H the heterogeneity of the regression over the two blocks and the remainder. For final height the refitted model shows a highly significant joint regression but also a significant heterogenity between blocks. The latter item was also large for the three parameter model but non-significant due to the small number of degrees of freedom available for the test. The residual is also large, indicating the presence of some other unfitted parameter, possibly H, but it is not signficant against the block heterogeneity. The parameters have been tested against an error derived from the pooled mean square of Items 2 and 3 in table 4. D was found to be significant for the p3 x nil3 cross, but not for n/c2 x nil1. E1 was again significant in both crosses. The values of D from the two parameter model for the two crosses and characters were used to obtain estimates of the numbers of effective factors by which the parental lines used in the crosses differed. The formula used to estimate the numbers of effective factors was k (range)2 -D where k is the number of effective factors and "range" is the difference between the greatest and smallest family mean among the families within each cross of the F5 generation (averaging over blocks for flowering time, but treating blocks separately for final height in the p3x nil3 cross where there was heterogeneity between blocks). There is of course no estimate of the number of effective factors by which n/c and nil differ for final height as D was non-significant. For the purpose of this estimation the F5 families are being treated as pure-breeding lines.
The estimated number of genes, to the nearest whole number, for the cases where D was significant, are p3x nil3, final height, 3, flowering time, 3, and n/c2 x nil1, flowering time, 5. These are of course minimal estimates for the usual reasons (Mather and Jinks, 1971) . The distribution of the family means, averaged over blocks, in the F5 generation is given in histogram form in figs. la and lb for final height and in figs. 2a and 2b for flowering time . . in the p3x nil3 and nk2 x nil1 crosses respectively. The mean parental line values are indicated in each diagram (these parental values were obtained from an experiment adjacent to the experiment under consideration and sown on the same day, ensuring maximum similarity between the conditions experienced by the two experiments). The range of family means for final height is similar between parents and offspring in the p3 x nil3 cross and much larger for the offspring than the parents in the nk3 x nil1 cross, suggesting association of genes controlling height in the former and dispersion in the latter. For flowering time both crosses have a larger range of F5 family means than of parental values, from which it is concluded that the genes controlling flowering time are in dispersion in both crosses. However, the nk2 and nil1 parents show very similar flowering times in the 1971 data which may reflect the change in flowering time of some of the original standard conditioned lines in the first few generations after conditioning (Perkins, Eglingtora and Jinks, 1971) and changes in the environmental conditions.
Gocx..usios
For neither character could the segregation which occurred in the F1, and which could still be detected between F1 groups in the F2 and F3 generations, be detected in the F4 and F5 generations of the crosses p3x nil3
and nk2 x nil1 although in the latter cross the mean square between F1 groups was the largest item, apart from blocks. However, part of the failure to find significant F1 segregation must be attributable to the reduction in the number of degrees of freedom available for this item in the F4 and F5 data compared with earlier generations. This resulted from a reduction in the number of F1 groups represented in the later generations because of the rapid expansion in the size of the experiment that follows from a hierarchial breeding design. The same argument applies to the alternative method of detecting the persistence of the F1 segregation by comparing the means of F1 groups over successive generations. Using correlations to make these comparisons, the coefficients were 087 and 079 for final height and 073 and 087 for flowering time in the two crosses between the F3 and F4 generations and 052, 086, 075 and 079 for the corresponding comparisons between the F4 and F5 generations. These are all relatively high values considering that they are comparisons over both generations and seasons, but because of the small number ofF1 groups represented in these generations, none is significant, only three degrees of freedom being available for each coefficient. There are, therefore, some indications that the segregation observed in the F1 of these crosses is still leading to differences between F1 groups in these later generations and this is strongly supported by significant differences (P = 001 -0.05) between F1 groups in the F5 generation for two other characters, height at flowering time and width of the eighth leaf (Eglington and Moore, unpublished) .
That a biometrical genetical model consisting of additive genetical and additive environmental effects only, adequately describes the variation from the F2 generation onwards, leaves no reason to doubt that this segregation is of the conventional kind. This confirms the earlier analysis of 3 x 3 diallel sets of crosses in respect of the additive genetical component but not for the smaller non-additive component. This failure to detect a non-additive component is not surprising since the selfing series is relatively insensitive to the effects of non-additive variation and hence is unlikely to detect a small component of this kind.
The minimal number of effective factors detected in the crosses between the conditioned lines are of the same order of magnitude as those detected by comparable methods in crosses between conventionally derived inbred lines for the same characters (Eaves and Brumpton, 1972) . That more than one and possibly many effective factors are involved in the differences between lines which have received different conditioning treatments is further supported by:
(i) the distributions of the F5 family means for the two characters which are given in figs. 1 and 2; (ii) the occurrence of families in the F5 whose means fall well outside of the parental range; (iii) the independence or low correlations between the differences in final height and flowering time among the F5 families (r 040 and 016 for the p3 x nil3 and nk2 x nil1 crosses, respectively); and (iv) the many other characters for which there is significant variation among the F5 families which is partly or wholly independent of final height and flowering time (Moore and Eglington, 1973) . For the present, therefore, we must proceed on the assumption that sites on may chromosomes have undergone heritable changes as a result of the conditioning treatments.
